SN 2001em is a peculiar supernova, originally classified as Type Ib/c. About two years after the occurrence of the SN it was detected in the radio, showing a rising radio flux with an optically thin spectral slope, and it also displayed a large X-ray luminosity (∼ 10 41 erg s −1 ). About 3 years after its discovery the optical spectrum of SN 2001em showed a broad Hα line, and it was therefore reclassified as Type IIn. We constrained its proper motion and expansion velocity by analyzing four epochs of VLBI observations, extending out to 5.4 years after the SN. The SN is still unresolved 5.4 years after the explosion. For the proper motion we obtain (23,000 ± 30,000) km s −1 while our 2σ upper limit on the expansion velocity is 6000 km s −1 . These limits are somewhat tighter than those derived by Bietenholz & Bartel. VLA observations of the radio flux density, at 8.46 GHz, show a decay as t −1.23±0.40 starting ∼ 2.7 years after the SN. Collectively, the observations suggest interaction of the SN ejecta with a very dense circumstellar medium, though the implied opacity constraints still present a challenge.
Introduction
On September 15, 2001, Papenkova & Li [6] reported the discovery of an apparent Supernova (SN) in the galaxy UGC 11794 (RA: 21h42m22.9s DEC: 12d29m54s; z=0.019493 J2000.0). The measured redshift corresponds to a proper distance of D p = 83.14 Mpc and an angular distance of D A = 81.55 Mpc (H 0 = 70 km s −1 Mpc −1 , and Ω Λ = 1 − Ω M = 0.72 [5] ). It was detected in the radio about 2 years after the explosion [10] . It also showed a high X-ray luminosity of ∼ 10 41 erg s −1 at 0.5−8 keV [7] . This made it a good candidate for harboring a bipolar relativistic jet pointing away from our line of sight [4] , which has by then decelerated to mildly relativistic velocities. This led to the classification of Type Ib/c. However, later observations, about 3 years after the explosion Soderberg et al. (2004) [9] , showed broad Hα (FWHM 40 Å = 1800 km s −1 ) lines that are not typical of Type Ib/c SN. An alternative explanation was suggested by [3] , who developed a model in which regular Newtonian ejecta from the SN explosion collides with a dense, massive circumstellar shell (CS).
Observations
We observed SN 2001em with the HSA 1 
Results
Position and Proper Motion: We obtained the results for absolute position, thus for proper motion, by fitting the fully calibrated and phase-referenced (u,v) plane data, of the observations from 4 epochs, to a circular Gaussian model. This is a good fit for a point source, as we did not see any resolved extended emission.
We obtained a proper motion of (0.030 ± 0.037) mas year −1 in R.A. and (−0.053 ± 0.071) mas year −1 in Dec., which gives a total proper motion of v = (24, 000 ± 32, 000) km s −1 . This confirms the result obtained by Bietenholz & Bartel (2007) [2] based on observations from two epochs separated by 1.5 years.
Expansion Limit of the Radio Emitting Region: Again we used the fully calibrated and phasereferenced (u,v) plane data. The resolution of our observation was (2.02 × 0.858) mas at −7.17 • . A precise determination of the upper limit for the size of SN 2001em was obtained using MonteCarlo simulation (u,v plane fitting). Thus we obtain an upper limit diameter of the radio emitting region from Feb. 4th 2007 of 0.16 mas [8] . Assuming this linear expansion behavior since its discovery on 2001.704, we find a 2σ upper limit for the expansion velocity of 0.015 mas year −1 , which corresponds to v exp ≤ 6, 000 km s −1 .
Bietenholz & Bartel (2007) [2] report a 2σ upper limit for the average expansion velocity since the explosion of 25,800 km s −1 . For that same epoch, when reanalyzing the same data we obtain a 2σ upper limit of 8,100 km s −1 .
Radio Lightcurve: Many multifrequency observations of SN 2001em have been conducted with the VLA since 2003. From the peak brightness the 8.46 GHz peak luminosity is (1.54 ± 0.10)×10 28 erg s −1 Hz −1 . We see an overall power law decay in the flux densities since its peak around 2004 (or ∼ 2.7 yr since the SN) with an index of α = 1.23 ± 0.40, i.e. F ν ∝ t −α . In addition the 8 GHz lightcurve shows a slight re-brightening about one year after the peak brightness.
Summary
The radio properties of SN 2001em are consistent with a type II SN with a significant CSM, blastwave interaction. At the current rate of brightness decay and the expected increased recording rates of the VLBA/HSA we should be able to still detect it for the next 10-20 years and eventually resolve the slowly expanding shell of the SN. A detailed discussion of the methodology and implications of the results can be found in Schinzel et al. (2008) [8] .
